Short root anomaly (SRA) is a poorly understood developmental disorder and can significantly compromise the patient's dental treatment. This case report describes the treatment of a 15-year-old girl with SRA and discusses the implication of this disorder on orthodontic and orthognathic treatment of patients.
IntRoductIon
Short root anomaly (SRA) was first described by Lind as a dental disorder affecting tooth root development, resulting in short roots with rounded apices and reduced crown to root ratios. [1] This disorder affects teeth bilaterally with a predilection for maxillary incisors, and maxillary and mandibular premolars. [2] It is often accompanied with additional dental anomalies including hypodontia, supernumerary teeth, microdontia, dens invaginatus, taurodontism, and obliterated pulp chambers. [3] [4] [5] [6] [7] SRA has a prevalence that ranges from 2.4% to 2.7% in Caucasians up to 10% in Mongolians. [2, 8, 9] Familial cases of SRA with an autosomal dominant pattern of inheritance have been observed. [2, 5] Reports of this disorder are on the rise, especially in Hispanic populations. [2] However, more studies regarding the prevalence of SRA in many populations are needed.
In addition, patients with SRA have an increased risk of root resorption during orthodontic treatment. [1, 10, 11] This combined with the compromised crown to root ratios of these patients may result in major adverse clinical outcomes such as tooth loss.
Patients with a skeletal discrepancy require both orthodontics and orthognathic surgery to achieve best esthetic and functional results. For these patients, orthodontic alignment usually represents the first phase of their comprehensive treatment, dental decompensation. [12] Thus, proper diagnosis of SRA becomes important not only for orthodontic treatment planning but also in the successful treatment of orthognathic surgery patients.
Increasing awareness of this disorder among orthodontists and oral surgeons will allow clinicians to individualize the patient's treatment plan to minimize root resorption.
In this case report, we present the orthodontic treatment of a patient with SRA and discuss the impact of this disorder in orthodontic/orthognathic treatment planning.
case RepoRt

Diagnosis and etiology
The patient was a 15-year-old Hispanic female who presented to clinic with a chief complaint of crooked teeth. The patient had an unremarkable medical history and no history of dental trauma. She reported good health with a recent dental checkup of having no caries and healthy periodontium.
The patient had a straight profile with slightly increased lower facial hight [ Figure 1 ]. Her lips were competent at rest and she had inadequate incisor display on smile. Her upper dental midline was canted and to the right. Clinical examination and analysis of dental casts revealed moderate to severe crowding with Class I molar and end on Class II canine relationship [ Figures 1  and 2 ]. She had an anterior cross bite and an edge-to-edge incisor relationship. The panoramic radiograph showed a complete dentition with developing third molars [ Figure 3 ]. The radiograph also revealed the presence of generalized short roots with rounded apices consistent with the diagnosis of SRA. The maxillary central incisors and first premolars were the most severely affected teeth. Furthermore, signs of external resorption were seen on the maxillary left incisors. Cephalometric analysis indicated a skeletal Class I base (ANB = 1.7°) with dental alveolar protrusion (U1-Apo = 9 mm, L1-Apo = 7 mm) and high mandibular plane angle (FMA = 37.5°). The patient is past her peak growth and close to CVS 6.
Treatment objectives
The treatment objectives were to alleviate crowding and establish proper overjet and overbite and Class I canine relationship for optimum function and esthetics while minimizing the risk of root resorption.
Treatment alternatives
To achieve our objectives, two treatment options were presented to the patient and her parents. The first option consisted of correcting the malocclusion with four premolar extractions. This protocol would provide a better esthetic result, but the risk of root resorption would be high. The second option consisted of nonextraction treatment with proclination of incisors and broadening of the arches. The patient and parents selected to continue with the second treatment option.
Treatment progress
The patient was treated with maxillary and mandibular fixed self-ligating appliances (Damon Q). After initial alignment with 0.013 CuNiTi, 0.018 NiTi, and 014 × 025 NiTi, space for the maxillary laterals was opened with NiTi coil springs. When adequate space had been obtained, maxillary lateral incisors were aligned into the arch with an auxiliary archwire going through the accessory slot of the Damon Q brackets.
To prevent the bite from opening, vertical elastics were used initially anteriorly, followed by a Class II vector to correct the anteroposterior dental relationship. The patient was instructed to wear the Class II triangle elastics for a total of 5 months. During this time, the patient was monitored for root resorption with panoramic radiograph.
After 15 months of treatment, due to patient's noncompliance with hygiene instructions, appliances were removed, and the patient was fitted with retainers. Fixed retainers (lower 3-3 and upper 2-2) were delivered with overlay removable Essix retainers. The patient was instructed to wear removable retainers for 24 h a day for the first 6 months and then continue with nighttime wear for the remainder of the year.
Treatment results
At the end of the orthodontic treatment, slight lip protrusion was observed without significant changes in the facial profile [ Figure 4 ]. Improvements in the patient's dental midlines were evident. Her smile became consonant, and an increase in incisor and gingival display was observed. The intraoral photographs show satisfactory dental alignment with bilateral Class I occlusion and normal overjet and overbite. Expansions (approximately 2 mm) were noted in both arches. Positive overbite and overjet were achieved by incisor extrusion and proclination, respectively.
The cephalometric analysis revealed no changes in the ANB angle and a slight decrease in FMA (from 37.5° to 36.1°) [ Table 1 and Figure 5 ]. Superimpositions of lateral cephalograms did not indicate any significant growth of maxilla and mandible [ Figure 6 ]. The maxillary and mandibular incisors displayed evidence of extrusion and increases in incisal angulations. The panoramic radiograph showed that some root resorption (<2 mm) had occurred.
The patient was followed for 3 months and was compliant with wearing the retainers. The retainers were still fitting nicely, and no relapses were observed at the follow-up visit.
dIscussIon
SRA is a poorly understood disorder that affects tooth root development and varies in prevalence from 2.4% to 10%. [5, 8] Lind first introduced this term in 1972 to describe abnormally short root morphology of maxillary central incisors with compromised crown to root ratios. [1] More recent studies have identified maxillary and mandibular premolars as the second most commonly SRA-affected teeth. [2, 8] This genetic disorder is often accompanied by hypodontia, supernumerary teeth, microdontia, dens invaginatus, taurodontism, and obliterated pulp chambers. [3] [4] [5] [6] [7] Furthermore, an increase in matrix metalloproteinase (MMP-9) collagenase activity has been seen in gingival crevicular fluids of SRA patients. [13] Since collagenase activity (including MMP-9) is important in periodontium remodeling during orthodontic tooth movement, the alterations seen in patients with SRA may play a role in the increased risk for root resorption seen in these individuals during orthodontic tooth movement which if severe can result in tooth loss. [1, 14] Root resorption can be detected histologically as microscopic lacunae on root surface in the absence of radiographic evidence. [15, 16] This falls within the reparative capacity of cementum. However, aggressive progression and dentin exposure increase the likelihood of permanent root resorption. Clinically, root resorption may not be apparent until permanent root structure has been lost. Nevertheless, the understanding that SRA predisposes patients to root resorption can be applied to orthodontic treatment planning, minimizing the adverse clinical outcomes.
For patients with bimaxillary dentoalveolar protrusion, of which the one presented here is not a severe example, teeth extraction and arch distalization are the more esthetic orthodontic treatment options given. [17] However, premolar extraction and whole tooth distalization display apical root displacement that often results in root resorption. [18, 19] In the case reported here, the correct diagnosis of SRA influenced the patient's selection of nonextraction orthodontic treatment. Fortunately, as mentioned above, the degree of dentoalveolar protrusion in our patient allowed for further incisor proclination without detrimental results to the patient's overall esthetic goal. Even with the selected treatment plan and avoidance of complex mechanics, minor root resorption was observed in maxillary incisors and premolars.
However, in severe bimaxillary protrusion cases or Class II and Class III patients when extraction could be used to camouflage the skeletal discrepancy, preexisting conditions such as SRA should be carefully evaluated. In these cases, consideration should be given to treatment options combining orthodontics with orthognathic surgery.
At present, there are no studies identifying orthognathic surgery as a risk factor for root resorption. A search of the literature did identify a case report of an anterior open bite patient with short maxillary incisors treated with surgery in combination with orthodontics, in which root resorption was observed at the completion of treatment. [20] However, the very long treatment time (47 months) due to the need to reopen extraction spaces of maxillary premolars before the 3-piece LeFort I osteotomy may have contributed to the root resorption. Thus, including orthognathic surgery in treating SRA patients without significantly increasing the treatment time may still be the superior option to a camouflage treatment of noncrowded Class II and Class III malocclusions.
Currently, there are no reliable markers for orthodontic patients to predict the occurrence and severity of root resorption. Correct diagnosis of SRA empowers the clinician with another diagnostic tool that can be used to individualize orthodontic treatment plans leading to more successful outcomes while minimizing or eliminating undesired orthodontic complications. conclusIon SRA is a rare disorder that can be a useful tool in identifying patients susceptible to root resorption during orthodontic tooth movement. Proper diagnosis of this condition will allow clinicians to individualize the treatment protocol to achieve the treatment goals and patient satisfaction.
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